The goal of this work was to develop a protocol for rapid genotyping of A and G variants at the CSN2 locus and genotyping of T and C variants at the CSN3 locus in sheep breeds (Sumava and Valachian) by means of PCR and LightCycler analysis. The LightCycler technique combines rapid and efficient in vitro amplification of DNA in glass capillaries with melting curve analysis based on fluorescence resonance energy transfer for the sensitive detection of point mutation. The A variant had a greater frequency (Sumava, 0.778; Valachian, 0.835) than did variant G (Sumava, 0.222; Valachian, 0.165) in both sheep breeds. The CSN3 locus was found to be monomorphic, with no polymorphism identified in either population.
INTRODUCTION
Casein polymorphisms are important and well known because of their effect on the qualitative and quantitative traits and technological properties of milk (Amigo et al., 2000; Moioli et al., 2007; Kuchtík et al., 2008) . Ovine β-casein (CSN2) is formed from 209 AA residues. Its primary sequence was described by Richardson and Mercier (1979) and its complete sequence confirmed by Provot et al. (1995) . At present, 5 patterns are described: A, B, C, X, and Y (Amigo et al., 2000; Chessa et al., 2010) . Ovine κ-casein (CSN3) is formed by 171 AA residues of the mature chain and just 1 phosphate residue (Trujillo et al., 2000; Park et al., 2007) . The complete nucleotide sequence of CSN3 was described by Furet et al. (1990) . At present, in the ovine CSN3 locus there is described 1 SNP at position 237 (GenBank accession number X51822) of the sheep κ-casein mRNA (Feligini et al., 2005) .
The objective of this study was to develop a rapid, efficient, and inexpensive assay to identify the genotypes at the casein loci CSN2 and CSN3 using PCR followed by LightCycler analysis (Roche Applied Science, Indianapolis, IN).
MATERIALS AND METHODS
The experiments were carried out in accordance with Directive 2010/63/EU of the European Parliament and of the Council of September 22, 2010, on the protection of animals used for scientific purposes.
Samples and DNA Sources
A total of 272 individuals from 2 sheep breeds [Sumava n = 133) and Valachian (n = 139)] were used in this study to evaluate genetic polymorphism at the CSN2 and CSN3 loci. Genomic DNA was extracted from blood using ABI PRISM 6100 analysis (Nucleic Acid PrepStation, Applied Biosystems Co., Foster City, CA) by the standard protocol. Before starting with isolation by standard protocol, we used 200 μL of blood with 0.5 mM EDTA, which was stored in the refrigerator at −24°C.
PCR Amplification
PCR CSN2. A 214-bp fragment containing part of an exon and part of intron 7 of the ovine CSN2 gene was amplified by PCR using primers designed on the basis of ovine sequence GenBank accession number M79703. The PCR assay was performed in a 15-μL reaction mixture consisting of 2 μL genomic DNA (10 to 100 ng), 0.3 units of Taq DNA polymerase, 30 μM of each dNTP, (Top Bio Ltd., Prague, Czech Republic), 0.2 μM of each primer (TIB MOLBIOL, Berlin, Germany; Table 1 ), 2.5 mM MgCl 2, and 1× PCR buffer (Top Bio Ltd.). Thermal cycling conditions included an initial denaturation step at 95°C for 3 min; followed by 35 cycles of 94°C for 45 s, 54°C for 1 min, 72°C for 2 min, and then a final elongation step at 72°C for 5 min (Biometra Thermoblock: 050-801 TGradient 96, Biometra, Goettingen, Germany).
PCR CSN3. A 244-bp fragment containing exon 4 of the ovine CSN3 gene was amplified by PCR using primers designed on the basis of the ovine sequence GenBank accession number AY444505. The PCR assay was performed in a 15-μL reaction mixture consisting of 2-μL genomic DNA (10 to 100 ng), 0.3 units of Taq DNA polymerase, 30 μM of each dNTP, (Top Bio Ltd.), 0.2 μM of each primer (TIB MOLBIOL; Table  1 ), 2.5 mM MgCl 2 and 1× PCR buffer (Top Bio Ltd.). Thermal cycling conditions included an initial denaturation step at 94°C for 2 min; followed by 31 cycles of 94°C for 45 s, 56°C for 1 min, and 73°C for 75 s (Biometra Thermoblock: 050-801 TGradient 96).
LightCycler Analysis
LightCycler analysis is based on fluorescence resonance energy transfer for the sensitive detection of point mutations with 2 different, specific oligonucleotide probes (Loeffler et al., 2000; Sztankóová et al., 2008) . The hybridization probes were designed by TIB MOLBIOL (Table 1) .
The PCR product (10 μL) was pipetted to a glass capillary, and 1.6 μM of each probe was added (Table 1). The glass capillaries were closed, centrifuged at room temperature (1 min at 130 × g), and then placed into the LightCycler for analysis. The LightCycler was programmed to conduct a melting cycle to determine the melting temperature of the amplicon and probe. This consisted of a denaturing step at 95°C for 3 min, followed by cooling down to 35°C for 2 min, after which the temperature was slowly increased at a rate of 0.1°C s −1 to reach a final value of 85°C. Each assay run included a reference sample for each of the 3 genotypes and a negative control containing water instead of sample DNA. All samples returned unequivocal genotyping results with genotypes AA, AG, and GG at CSN2, and genotype CC at CSN3 in both sheep breeds (Figure 1) .
RESULTS AND DISCUSSION
The 6 CSN2 and 3 CSN3 samples-yielding, respectively, 3 and 1 different patterns by LightCycler analysis (assumed to be AA, AG, and GG at CSN2, and CC at CSN3; Figure 1 )-were sequenced on a genetic analyzer (ABI PRISM 3130, Applied Biosystems) to confirm the results regarding differences in single nucleotide substitution between genetic variants A (EMBL X79703) and G (AY444504) at locus CSN2 and variants C (EMBL X51822) and T (AY4444505) at locus CSN3 (data not shown). At locus CSN2, these variants differ by nucleotide substitution A → G, and AA exchange Met (ATG) → Val (GTG) at position 183. The A variant had a greater (P-value: Sumava = 0.391, and Valachian = 0.111). frequency (Sumava, 0.778; Valachian 0.835) than did variant G (Sumava, 0.222; Valachian, 0.165) in both studied breeds, thus indicating that variant A is more characteristic of sheep populations kept in the Czech Republic compared with variant G. Similar results, with variant A showing a greater frequency (50 to 80%) compared with the G variant, were described by Ceriotti et al. (2004) and Chessa et al. (2010) in Italian sheep breeds. The most common genotype was alleles AA (0.624, Sumava; 0.705 Valachian) followed by AG (0.308 and 0.259) and GG (0.068 and 0.036), respectively. Although AA substitution at positions Ser 104 and Leu 104 of the mature protein was observed at the CSN3 casein, our results showed that variant C, for the AA Ser 104 , (GenBank accession number X51822) was predominant in both sheep populations. This finding is in agreement with results obtained for other European sheep breeds (Ceriotti et al. 2004 ). The second pattern, variant T, as described by Ceriotti et al. (2004) and Pariset et al. (2006) , occurred either with a decreased frequency of 10% to 36% in the Italian sheep population and elsewhere in the European population or, as in the present study, was not found.
In conclusion, even if sequencing remains the gold standard for detecting polymorphism, it is not suitable 
